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REGISTRATION OF NUCLEAR MEDICINE 
IMAGES 

CROSS-REFERENCE TO 
RELATED-APPLICATIONS 

This patent application is a divisional of US. patent 
application Ser. No. 08/572,799, ?led Dec. 13, 1995, now 
US. Pat. No. 7,110,587, Which is a divisional of US. patent 
application Ser. No. 08/454,871, ?led May 31, 1995, noW 
abandoned. Both patent applications are hereby incorporated 
by reference herein in their entirety. 

This patent application is related to US. patent applica 
tion Ser. No. 10/294,168, ?led Nov. 14, 2002, now US. Pat. 
No. 6,937,750, Which is hereby incorporated by reference 
herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the art of diagnostic 
imaging. In particular, the invention relates to nuclear imag 
ing systems incorporating simultaneous transmission and 
emission tomography or multi-energy WindoW tomography. 

BACKGROUND OF THE INVENTION 

SPECT (Single Photon Emission Computerized Tomog 
raphy) is used to study the three dimensional distribution of 
a radionuclide in a patient. Typically one or more radiop 
harmaceuticals are ingested or are injected into the patient. 
When radiopharmaceuticals are injected it is usually into the 
patient’s blood stream, to image the cardiovascular system 
or to image speci?c organs Which absorb the injected 
radiopharmaceuticals. One or more gamma or scintillation 
detectors are positioned near the patient to record emitted 
radiation. 
SPECT images are generally produced by: 
(a) rotating the detector(s) around the patient in order to 

record emissions from a plurality of directions; and 
(b) transforming the recorded emissions, using methods 

Well knoWn in the art, into a tomographical multi-slice 
image, a three dimensional image or some other represen 
tation of the distribution of the radiopharmaceutical injected 
into the patient’s body. 
One problem With SPECT is that the tissues surrounding 

the organs being imaged attenuate and scatter the radiation 
emitted by the radiopharmaceutical, distorting the resulting 
SPECT images. To solve this problem, a SPTCT (Single 
Photon Transmission Computerized Tomography) image of 
the region being imaged, is acquired, simultaneously With 
the SPECT image. The SPTCT image provides information 
regarding the attenuation and scattering characteristics of the 
region being imaged, so that the multi-vieW emission data 
can be corrected. 

In order to acquire the simultaneous SPTCT image, a 
source of radiation is placed opposite the patient’s body 
from the detectors(s) and rotated With the detector(s). Pref 
erably, but not necessarily, the energy of the SPTCT source 
is different from that of the radiopharmaceutical so that the 
detector is able to easily differentiate the tWo radiations. 

Since the emission image is acquired at the same time as 
the transmission image, and the relative geometry of the 
SPTCT and SPECT systems are knoWn, the images are 
easily registered to one another. 

The diagnostic method that uses SPECT and SPTCT 
simultaneously is knoWn as STET (Simultaneous Transmis 
sion and Emission Tomography). This method is described 
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2 
in further detail in US. Pat. No. 5,210,421, the disclosure of 
Which is incorporated herein by reference. 
One aspect of the present invention relates to the use of 

STET imaging techniques for functional imaging. In this 
use, the resultant STET image shoWs the metabolic activity 
of body tissue, since dead or damaged body tissue absorbs 
the radiopharmaceutical at a different rate (or not at all) from 
healthy tissue. When used in this manner, the STET image 
shoWs the functional activity of the body tissue, not its 
structural detail. 

HoWever, STET images have tWo drawbacks. First, as 
indicated above, the STET image does not shoW much 
structural detail; therefore, it is dif?cult to pinpoint Where 
the imaged function is occurring in the patient’s body. Many 
diagnostic imaging methods, in modalities other than 
nuclear medicine, reveal almost exclusively structure and 
not function, therefore, it is hard to compare STET images 
With other types of diagnostic images. Second, a common 
methodology, especially in cardiac examination, is to 
acquire a STET image shortly after injection of the radio 
pharmaceutical and to acquire another STET image of the 
same region after a certain period of time. By comparing 
these tWo (or more) images, it is possible to learn still more 
about the function of the tissue studied, such as the speed at 
Which different portions of tissue absorb and metaboliZe the 
radiopharmaceutical. HoWever, if the tWo STET images are 
too different, it is not possible to closely compare them 
because the operator can not match the different parts of the 
images to each other. 

SUMMARY OF THE INVENTION 

The present invention contemplates a method for regis 
tering STET images and other functional images to images 
of other modalities, and for matching tWo STET images 
taken art different times of the same body region, thereby 
solving the above mentioned problems. 

In accordance With one preferred embodiment of the 
present invention, a method for matching tWo STET images 
acquired at different times uses the SPTCT data in order to 
identify structure in the patient’s body. When tWo STET 
images are to be compared, the tWo respective SPTCT 
images are registered, preferably, using a correlation method 
or another knoWn image matching method. Since the STET 
image is registered to its SPTCT image, registering the tWo 
SPTCT images automatically registers the tWo STET 
images. 

In accordance With another preferred embodiment of the 
present invention, a method for registering a STET image 
and a structural diagnostic image (such as an MRI, ultra 
sound or X-ray CT image) uses the SPTCT data in order to 
identify structure in the patient’s body. When the STET 
image is to be registered to the structural diagnostic image, 
the structural SPTCT image and the structural diagnostic 
image are registered. This registration is preferably accom 
plished through the choosing and comparing of prominent 
body structures such as the skeleton, organs or body out 
lines. Once this matching is accomplished, a mapping 
betWeen the images can be de?ned, based on the mapping 
betWeen the prominent body structures chosen. This map 
ping is used to transform one image so that it can be 
superimposed over the other image. 

Alternatively, prominent body markings on the SPTCT 
image are saved as ?duciary marks With the STET image. 
These marks are used to match the STET image to another 
structural image. 
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In accordance With yet another preferred embodiment of 
the present invention, a method for registering a ?rst SPECT 
image to a structural diagnostic image uses a second SPECT 
image to serve a structural image. TWo SPECT images are 
acquired of the studied region, the ?rst image is acquired 
using a ?rst radiopharmaceutical Which is selected so that 
the resultant SPECT image shoWs the desired function. The 
second SPECT image is acquired using a second radiophar 
maceutical, Which is selected so that the resultant image 
shoWs some structure, such as outlines of organs Which can 
be used to register the second SPECT image to another 
structural image. Alternatively, parameters other than the 
radiopharmaceutical are varied in order to generate the 
different SPECT images. 

Matching betWeen the second SPECT image and the 
structural diagnostic image is accomplished through the 
choosing and comparing of prominent body structure shoWn 
in both images. Preferably, the tWo SPECT images are 
acquired simultaneously using a dual isotope gamma cam 
era, so that they are automatically registered. 
A mapping betWeen the ?rst SPECT image and the 

structural diagnostic image is then created based on the 
inherent registration betWeen the tWo SPECT images and the 
matching betWeen the second SPECT image and the struc 
tural diagnostic image. It should be noted that this preferred 
embodiment does not require a STET device, a SPECT 
device is suf?cient. 

In a simple situation, the siZe and shape of the images is 
not affected and only translation and/ or rotation is required. 
Where scaling is required, one of the images is scaled in 
accordance With the correlation of a plurality of chosen 
structural features or of the images as a Whole. In one 
embodiment of the invention, Warping and other complex 
corrections can be applied to improve the match betWeen the 
images. 

The term “structural image” as used herein means an 
image that is used to compare structures. The term “func 
tional image” as used herein means a functional image that 
is not used to determine registration. As can be appreciated, 
functional images may shoW structure and a substantial 
amount of structure in structural images may be caused by 
functionality. 

Preferably for many types of studies, the acquisition of 
SPECT, SPTCT and STET images is synchroniZed to the 
cardiac rhythm, the respiratory rhythm or other body 
motions by gating. In such gated images data acquired 
during the imaging process is binned (or WindoWed) accord 
ing to a gating signal derived from the body rhythm. 

Thus, in a preferred embodiment of the invention, image 
acquisition is gated to body rhythms and motions. Prefer 
ably, the structural images are also synchroniZed in the same 
manner. For example, gated CT images are used as structural 
images instead of regular CT images When the STET 
images, are gated. An advantage of combining STET imag 
ing With gating is the ability to correct binned data for 
patient motion during data acquisition by realignment based 
on the registration of the images. This corrects for smearing 
otherWise produced by patient motion. Additionally, data 
from separate bins is more easily combined. 

Another advantage is the ability to correct organ motion 
caused by the gated rhythm, by applying a geometric trans 
formation to data acquired based on the phase of the gated 
rhythm. Yet another advantage is the ability to register 
transmission images to emission images even When they are 
not acquired simultaneously. A transmission image of a 
patient Which is gated to body rhythm can be automatically 
registered to it corresponding gated emission image, since 
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4 
most of the misalignment betWeen the tWo images is caused 
by body rhythms Which are, in general, repetitive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial, simpli?ed schematic vieW of a slice of 
the human body in the chest region, shoWing the heart, ribs 
and a portion of functioning heart tissue; 

FIG. 2A is a simpli?ed schematic of a SPTCT scan of the 
body slice from FIG. 1; 

FIG. 2B is a simpli?ed schematic of a STET image of the 
body slice shoWn in FIG. 1; 

FIG. 2C is a simpli?ed schematic of a STET image of the 
body slice shoWn in FIG. 1, acquired at a different time from 
FIG. 2B; 

FIG. 3 is a simpli?ed schematic X-ray CT image of the 
body slice shoWn in FIG. 1. 

FIG. 4A is a simpli?ed correlated STET image created by 
aligning and superimposing the STET images from FIG. 2B 
and FIG. 2C; 

FIG. 4B is a superposition image created from the func 
tional STET image in FIG. 2B and the structural image from 
FIG. 3; 

FIG. 5 is a simpli?ed schematic STET image With ?du 
ciary marks for aiding in correlation With structural images 
such as X-ray CT scans; and 

FIG. 6 is a simpli?ed block diagram of a STET system 
including equipment for cardiac and respiratory gating. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention does not require the use of any 
speci?c STET device, and for most devices the invention 
can be practiced by changes and/or additions in image 
processing and registration. In addition, it is possible to use 
the present invention With NON-STET devices, provided 
that the SPECT and SPTCT images can be registered to each 
other. 

FIG. 1 in US. Pat. No. 5,210,421 shoWs a typical STET 
camera assembly Which is used for acquiring STET images. 
The process for acquiring these images typically includes: 
(a) placing a patient on a couch, so that the part to be 

studied Will be in an examination area; 
(b) injecting a radiopharmaceutical into the patient; (c) 

acquiring pairs of SPTCT and SPECT images using one or 
more detectors; 

(d) rotating the detector(s) around the examination area, in 
order to acquire a plurality of image pairs; 

(e) transforming the plurality of image pairs into a multi 
slice topographical STET image, a three dimensional STET 
image or another representation of STET data, the SPTCT 
images being employed to correct the attenuation and scat 
tering artifacts in the SPECT images to produce the STET 
images; 

(f) optionally, after an attending physician examines this 
image, the patient is sent to rest and/or exercise and/or 
reinj ection; 

(g) after a period of rest or exercise, the image acquisition 
process is typically repeated, With the patient placed in as 
nearly as possible the same position as during the previous 
study, so as to facilitate comparing the neW images With the 
old ones. 

Preferably for many types of studies, the acquisition of 
SPECT, SPTCT and STET images is synchroniZed to the 
cardiac rhythm, the respiratory rhythm or other body 
motions by gating. In such gated images data acquired 
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during the imaging process is binned (or WindoWed) accord 
ing to a gating signal derived from the body rhythm. 

The following discussion refers to a section of the 
patient’s body being imaged, shoWn in FIG. 1. FIG. 1 is 
simpli?ed to include only a heart 1 including a functionally 
active area 2 of the heart, ribs 8 and a backbone 3. In order 
to simplify the discussion, only one slice is shoWn, even 
though the STET image is three dimensional. Application of 
the invention to three dimensions and choosing the correct 
slices is described beloW. 

FIG. 2B shoWs a STET image 6 of the body slice shoWn 
in FIG. 1, such as Would be acquired in a heart study. In such 
studies, most of the radiopharmaceutical it concentrated in 
the blood or in soft tissues and speci?c organs such as the 
heart and liver, so that the acquired STET image 6 shoWs 
mostly portions of target organs and a fuZZy outline 9 of the 
patient’s body. FIG. 2C shoWs a later STET image 6' of the 
same region in the same patient. With the passage of time, 
the radiopharmaceutical is absorbed and metaboliZed by the 
body tissues, and the STET image changes, as can be seen 
by comparing image 6 With image 6'. In FIG. 2C a func 
tionally active area 2' is imaged Which is larger than area 2. 

FIG. 2B and FIG. 2C are STET images 6 and 6' of the 
region shoWn in FIG. 1. The images 6 and 6' shoW func 
tionally active areas 2 and 2' respectively but not bones such 
as the ribs 8 or even the non-active areas of heart 1. FIG. 2A 
shoWs a very simpli?ed SPTCT image 7 Which is a structural 
image, much like a standard X-ray CT, except for poorer 
resolution and loWer organ de?nition ability. The SPTCT 
image 7, shoWs heart 1, ribs 8 and even backbone 3, but does 
not speci?cally differentiate the functionally active areas of 
the heart. 

In the later STET image 6', of FIG. 2C, there are signi? 
cant changes from the earlier STET image 6, of FIG. 2B, 
making it difficult, if not impossible, to match correctly 
functioning area 2 in image 6 With functioning area 2' in 
image 6'. In addition, it is dif?cult to identify correctly the 
structural areas Which are functioning as revealed by the 
radiopharmaceutical. 
A second SPTCT image is acquired simultaneously With 

image 6'. The SPTCT images acquired With images 6 and 6' 
are very similar, since the patient’s body structure does not 
change much betWeen the images, and the continuing dif 
fusion of the radiopharmaceutical Which plays a crucial part 
in images 6 and 6' does not play a part in SPTCT imaging. 
TWo types of differences betWeen the tWo SPTCT images are 
caused by: 

(a) changes due to patient movement caused, for example, 
by breathing; and 

(b) changes due to different placement of the patient on 
the examination table. 

Since the respective emission and transmission images are 
acquired With the same knoWn system geometry, the map 
ping of the emission image to its respective transmission 
image is also knoWn, so the tWo respective images can be 
considered registered to each other. The folloWing discus 
sion assumes that any necessary registration betWeen the 
tWo respective images has been performed. 
A preferred embodiment of the invention uses the folloW 

ing process in order to transform a SPTCT structural image, 
Which has an associated registered STET image, so that it is 
registered to a structural image: 

(a) marking prominent body structures in the tWo struc 
tural images; 

(b) correlating the prominent structures betWeen the struc 
tural images; 
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6 
(c) determining a transformation betWeen the tWo struc 

tural images, based on the correlation betWeen the struc 
tures; and 

(d) transforming the SPTCT image in accordance With the 
transformation found in (c). 
The transformation Will have a degree of complexity 

appropriate to the images being aligned, and may include: 
(i) simple alignment of the images; 
(ii) scaling of one of the images; and 
(iii) Warping one of the images. 
The functional STET image associated With the SPTCT 

image is transformed using the same transformation as that 
used for the SPTCT image. 

In a preferred embodiment of the invention, registering of 
tWo STET images 6 and 6' is achieved by registering the tWo 
respective associated SPTCT images using the above 
described method. The registration of STET images 6 and 6' 
folloWs automatically. 

In an additional preferred embodiment of the invention a 
STET image 6 is to be registered to a structural image such 
as a X-ray CT image, a MRI image or an ultrasound image. 
FIG. 3 shoWs a CT image 70, such as is to be registered to 
STET image 6. The registration is preformed by using the 
above described process to register SPTCT image 7, that is 
associated With STET image 6, to CT image 70. The 
registration of STET image 6 to CT image 70 folloWs 
automatically, using the same transformation used to register 
the tWo structural images. 

In yet another preferred embodiment of the invention, a 
SPECT image is registered to a structural image, such as an 
X-ray CT image, using a second SPECT image as a struc 
tural image instead of using a SPTCT image. A SPECT 
device is used to simultaneously acquire tWo images, With 
one image shoWing enough structure to be used as a struc 
tural image. The tWo images are acquired using a dual 
isotope gamma camera and a different radiopharmaceutical 
for each image. Since the functional and the structural 
SPECT images automatically registered, registering the 
structural SPECT image With the X-ray CT image or other 
structural image automatically registers the functional 
SPECT image With the X-ray CT image or other structural 
image. Accordingly, the registration betWeen the structural 
SPECT image and the structural image is performed by 
using the above described registration process. The regis 
tration of the functional SPECT image to the structural 
image folloWs automatically, using the same transformation 
used to register the tWo structural images. 

For example, to detect and locate malignant liver lesions, 
tWo SPECT images and one CT image are acquired of the 
liver. A ?rst SPECT image, Which is acquired using FDG as 
a radiopharmaceutical, highlights only malignant tumors 
and shoWs little body structure. A second SPECT image, 
acquired simultaneously using intravenously injected 
Tc99m colloid, clearly shoWs the anatomic boundaries of the 
liver and lesions. A CT image of the liver and surrounding 
tissue also clearly shoWs the anatomic boundaries of the 
liver and lesions. Therefore, the CT image (the structural 
image) is registered to the second SPECT image (the struc 
tural SPECT image) using the registration process described 
herein. Consequently, the ?rst SPECT image is registered to 
the CT image (because the tWo SPECT images are acquired 
simultaneously and, therefore, automatically registered to 
each other) so that the malignant lesions can be pointed out 
on the CT image. 

Typically a three dimensional image is acquired and 
processed as a series of tWo dimensional slices. In order to 
properly register slices of three dimensional images, as 
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described above, slice pairs that have the same location 
along the patient’s longitudinal (Z) axis must be chosen. 

In the case of matching tWo STET images, corresponding 
slices from the tWo SPTCT images must be chosen. TWo 
preferred methods for matching slices are: 

(i) the operator chooses the appropriate slices, based on 
his/her understanding of the images and his/her knoWledge 
of human anatomy; and 

(ii) since the image modality is the same for both SPTCT 
images, a computer can search for the closest matching slice 
pair using a correlation algorithm. 

Once the closest matching slices are found, the process 
continues as described above. Alternatively, using image 
mating techniques knoWn in the art of image processing, the 
tWo SPTCT images can be matched in the axial direction 
With a precision higher than the Width of a slice. Since the 
STET image is a true three dimensional image, one of the 
tWo images can be “re-sliced”, so that the image slices of one 
STET image are exactly aligned to the slices of the other 
STET image. 

In the case of registering a STET image to a X-ray CT 
image, the preferred Way to ?nd the correct matching CT and 
SPTCT slices is to have the physician choose the slice pair, 
based on his understanding of the images and his knoWledge 
of human anatomy. Once the closest matching slices are 
found, the STET image can be re-sliced so that the STET 
image slices fall on boundaries of the CT slices. For images 
derived from different modalities, the Z scale may be 
different. A slice scale factor may be derived based on 
matching a plurality of structural features in different slices. 

In an additional preferred embodiment of the invention, 
steps (a) and (b) of the registration process are replaced by 
a single step of correlating the tWo images as a Whole. 
Additionally, three dimensional images may also be corre 
lated as Wholes, Without ?rst slicing them and correlating the 
slices. 

In order to facilitate manual ?nding and matching or 
marking of prominent body structures betWeen images, it is 
useful to display the images as three-dimensional images on 
a computer screen and mark the prominent structure on the 
three-dimensional images, so that the attending doctor Will 
not have to Work directly With image slices. 

Once the transformation betWeen the tWo images is 
knoWn, many image processing techniques are applicable, 
for example: image subtraction, rapid ?ipping of tWo or 
more images, superpositioning of outlines of the active areas 
from one STET image on the other STET image or on a CT 
image and pseudo coloring of different areas. FIG. 4A shoWs 
the superpositioning of the outline of an active area from the 
STET image 6 on the STET image 6'. FIG. 4B shoWs the 
superpositioning of the outline of the active area from the 
STET image 6 on the CT image 70. 

In addition, the present invention enables simultaneous 
processing and vieWing of several images Which are regis 
tered to each other using the methods described herein. For 
example, tWo images are displayed side by side on a 
computer screen, a portion of one image is marked off and 
radiation emitted by that portion is computed. The radiation 
emitted by the matching portion of the other image is 
calculated and displayed automatically by the computer. 

In general, the correlation algorithms used for matching 
images and slices, betWeen and Within modalities and the 
subsequently derived transformations are any of a variety of 
methods knoWn in the art of image registration. The folloW 
ing image registration methods are useful in carrying out 
preferred embodiments of the invention. 
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1. Landmark matching. Corresponding anatomical or 

external markers are identi?ed in the sets of data to be 
matched. A minimum root mean square alignment transfor 
mation is then calculated to align one set of markers With the 
other set. Preferably, the markers are identi?ed by an opera 
tor. 

2. Surface matching. The surface representations of tWo 
data sets are correlated by ?nding the transformation Which 
yields the minimum root mean square distance betWeen the 
tWo surfaces. This method is described in “Accurate Three 
Dimensional Registration of CT, PET and/or MR images of 
the Brain”, by PeliZZari C. A., et al., Journal of Computer 
Assisted Tomography, volume 13, 1989. 

3. Volume matching. The tWo data sets are correlated by 
?nding the transformation Which yields the maximum cross 
correlation value betWeen the sets. This method is described 
in “MRI-PET Registration With Automated Algorithm”, by 
Woods R. P., et al., Journal of Computer Assisted Tomog 
raphy, volume 17, 1993. 

4. Spatial parameters matching. The tWo data sets are 
correlated by matching spatial parameters such as the 
moments of the data sets. The moments can be matched by 
?nding the principle axis for Which they attain their minimal 
value. This method is described in “The principle Axes 
Transformationia Method for Image Registration”, by Alp 
ert N. M., et al., Journal of Nuclear Medicine, volume 31, 
1990. 

5. Invariant geodesic lines and points matching. The data 
sets are analyZed using a differential analysis of their sur 
faces discrete representation, yielding lines and points Which 
correspond to local maxima and/or minima of surface cur 
vature. A global affine transformation is then found that 
delivers the best matching of the corresponding lines and 
points from the tWo data sets. This method is described in 
“The External Mesh and the Understanding of 3D Surfaces,” 
research report number 1901 from the Institute National de 
Reserche en Informatique et en Automatique (INRIA), May 
1993, and “New Feature Points Based on Geometrical 
Invariants for 3D Image Registration,” research report num 
ber 2149 from the INRIA, both by Jean-Phillipe Thirion. 

In an additional preferred embodiment of the invention, 
?duciary marks may be added to the STET image by ?rst 
adding ?duciary marks to a structural image that is regis 
tered to the STET image, and then transforming those marks 
to the STET image. Additionally, these marks may be added 
from a template once the transformation is knoWn. FIG. 5 
shoWs a STET image With ?duciary marks thereon. 

In a further preferred embodiment of the invention, image 
acquisition is gated to body rhythms and motions. Prefer 
ably, the structural images are also synchronized in the same 
manner. For example, gated CT images are used as structural 
images instead of regular CT images When the STET images 
are gated. An advantage of combining STET imaging With 
gating is the ability to correct binned data for patient motion 
during data acquisition by realignment based on registration 
of the images. This corrects for smearing otherWise pro 
duced by patient motion and enables the use of longer 
acquisition times. Additionally, data from separate bins is 
more easily combined. 

Another advantage is the ability to correct organ motion 
caused by the gated rhythm, by applying a geometric trans 
formation to data acquired based on the phase of the gated 
rhythm. Yet another advantage is the ability to register 
transmission images to emission images even When they are 
not acquired simultaneously. A transmission image of a 
patient Which is gated to body rhythms can be automatically 
registered to it corresponding gated emission image, since 
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most of the misalignment between the tWo images is caused 
by body rhythms Which are, in general, repetitive. 

FIG. 6 indicates in simpli?ed block diagram form a STET 
system 21 equipped to accomplish either cardiac or respi 
ratory gating or both. System 21 generally comprises a 
detector 22 for detecting radiation. The radiation can be 
emanating from a patient 23 or from a radiation source 24, 
typically comprising a radioisotope material. When source 
24 is a radioisotope, detector 22 is preferably an Anger type 
camera. 

The output of detector 22 is processed by a signal pro 
cessor 26. Processor 26 determines the location and energy 
of photons striking detectors 22. 

The output of signal processor 26 is further processed by 
image processor 27 to provide image data using a memory 
28. The processed images are shoWn on display 29. 

Gating controls are provided for system 21. More par 
ticularly, respiratory gating uses a position sensor 31 Which 
senses the thorax position of patient 23 during the STET 
process. The sensed displacement is operated on to provide 
WindoWs or bins using a displacement detector 32. A posi 
tion gate signal unit 33 provides gating signals to signal 
processor 26 based on the thorax position determined by 
detector 32. The cardiac gating system senses the heart beat 
With a sensor 36. The R-Wave is detected by a Wave detector 
37. A cardiac gating signal is provided to signal processor 26 
by a Wage gate signal unit 38 responsive to detection of the 
R-Wave by detector 37. US. Pat. No. 4,617,938, the disclo 
sure of Which is incorporated herein by reference, describes 
a gating system. 
STET system 21 is shoWn to be under the control of a 

controller 41 Which supplies the appropriate control and 
timing signals. 

The present invention Was described in the context of 
nuclear medicine imaging. HoWever, the present invention is 
applicable to other types of imaging systems, provided that 
functional images (as described herein) have structural 
images that are registered to them Where needed. Addition 
ally, structural images of modalities other than X-ray CT, 
MRI, ultra sound and SPECT can be registered to nuclear 
medicine images by utiliZing the present invention. 

It Will be appreciated by persons skilled in the art that the 
present invention is not limited by What has been particu 
larly shoWn and described herein. Rather, the scope of the 
present invention is de?ned only by the claims Which 
folloW: 

The invention claimed is: 
1. A method of registering a functional image to a 

structural diagnostic image comprising: 
acquiring a ?rst functional image of a biological sample 

based on a ?rst radiopharmaceutical, Wherein the ?rst 
radiopharmaceutical causes the ?rst functional image 
to shoW a desired function; 

acquiring a second functional image of the biological 
sample based on a second radiopharmaceutical, 
Wherein the second radiopharmaceutical causes the 
second functional image to shoW a detectable amount 
of structural information associated With the biological 
sample, and Wherein the second functional image has a 
knoWn positional relationship to the ?rst functional 
image; 

providing a structural image of the biological sample; 
determining a ?rst mapping transformation betWeen the 

second functional image and the structural image based 
on at least a portion of the detectable amount of 
structural information; and 
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10 
determining a second mapping transformation betWeen 

the ?rst functional image and the structural image 
based on the ?rst mapping transformation and the 
knoWn positional relationship. 

2. The method according to claim 1, Wherein the knoWn 
positional relationship is determined from a same technique 
that is used to acquire the ?rst functional image and the 
second functional image. 

3. The method according to claim 1, Wherein the ?rst 
functional image and the second functional image are 
acquired simultaneously. 

4. The method according to claim 3, Wherein the ?rst 
functional image and the second functional image are 
acquired simultaneously With a dual-isotope gamma detec 
tor. 

5. The method according to claim 1, Wherein the step of 
determining the ?rst mapping transformation further com 
prises: 

identifying one or more common structural features 
shoWn in both the second functional image and the 
structural image. 

6. The method according to claim 1, Wherein the step of 
determining the ?rst mapping transformation further com 
prises: 

manually matching the second functional image and the 
structural image. 

7. The method according to claim 1, Wherein the step of 
determining the ?rst mapping transformation further com 
prises: 

computationally correlating the second functional image 
and the structural image. 

8. The method according to claim 1, further comprising: 
gating the ?rst functional image to at least one of a patient’s 
body rhythms. 

9. The method according to claim 8, Wherein the at least 
one of the patient’s body rhythms is selected from a group 
consisting of: a cardiac rhythm and a respiratory rhythm. 

10. The method according to claim 1, Wherein the ?rst 
functional image and the second functional image are 
SPECT (Single Photon Emission Computerized Tomogra 
phy) images. 

11. The method according to claim 1, Wherein the struc 
tural image is selected from a group consisting of: a SPTCT 
(Single Photon Transmission Computerized Tomography) 
image, a SPECT (Single Photon Emission ComputeriZed 
Tomography) image, an X-Ray image, an MRI (magnetic 
resonance imaging) image, and an ultrasound image. 

12. The method according to claim 1, further comprising: 
determining one or more reference positions on the struc 

tural image; and 
marking the second functional image at points associated 

With the one or more reference positions based on the 
?rst mapping transformation. 

13. The method according to claim 1, further comprising: 
determining one or more reference positions on the struc 

tural image; and 
marking the ?rst functional image at points associated 

With the one or more reference positions based on the 
second mapping transformation. 

14. The method according to claim 13, Wherein the 
marking is done With ?duciary marks provided from a 
template. 

15. The method according to claim 13, further compris 
ing: matching the ?rst functional image to a second struc 
tural image using ?duciary marks that are registered to the 
?rst functional image. 

* * * * * 


